The medial nucleus of the amygdala is important for the neural control of reproductive behavior in the adult male Syrian hamster. Two types of signals are essential for this behavior, chemosensory stimuli and gonadal steroids; these signals appear to be received in different parts of the medial nucleus. The anterior region receives input from olfactory and vomeronasal systems, both of which are required for this behavior, whereas the posterior region receives gonadal hormone inputs. Behavioral studies have also suggested a functional differentiation of these two areas; electrolytic lesions of the anterior, but not the posterior, part eliminates normal sexual behavior. In this study, the efferent projections of the anterior and posterior divisions of the medial nucleus of the amygdala in the Syrian hamster were analyzed throughout the forebrain after injections of the anterograde neuronal tracer, Phaseolus uulguris-leucoagglutinin. Neurons of the anterior, but not the posterior, medial nucleus, were found to project to numerous olfactory bulb projection areas and to the ventral striatopallidal complex. Within areas of the chemosensory circuitry that control reproductive behavior, the anterior region of the medial nucleus projects to the intermediate part of the posterior bed nucleus of the stria terminalis and the lateral part of the medial preoptic area, whereas the posterior region of the medial nucleus projects to the medial parts of these areas. Differences in targets were also observed in the ventromedial nucleus of the hypothalamus where the anterior region projects to the core while the posterior part projects to the shell of this nucleus. Furthermore, reciprocal projections between the anterior and posterior regions of the medial nucleus were observed. Taken together, these studies support the hypothesis that the anterior and posterior regions of the medial amygdaloid nucleus provide substantially different contributions to the control of reproductive behaviors.
The medial nucleus of the amygdala (Me) is thought to play an essential role in controlling male reproductive behavior and function in the male Syrian hamster (Mesocricetus aurutus). Its location along the chemosensory pathway reflects its importance in integrating and relaying incoming vomeronasal and olfactory stimuli from the accessory and main olfactory bulbs, respectively, to reproductive control areas in the medial telencephalon and diencephalon (Winans et al., '82) . The male Syrian hamster is dependent on both of these chemosensory systems for the control of copulatory behavior (Winans and Powers, '77) . Neither system alone controls reproductive behavior, but rather the integration of both types of inputs, presumably within Me, is necessary for normal copulatory behavior to occur. Anatomical evidence suggests that both chemosensory inputs project to the anterior region of Me (MeA) (Lehman et al., '82), whereas there are no direct olfactory bulb afferents and only sparse vomeronasal inputs to MeP. Previous studies also suggest that the primary efferent pathway of MeA is the ventral amygdalofugal pathway, whereas the major efferent pathway from posterior Me (MeP) is the stria terminalis (Lehman and Winans, '83; Kevetter and Winans, '81a) . Both of these fiber bundles reach the bed nucleus of the stria terminalis, which is essential for the chemoinvestigatory components of mating behavior (Powers et al., '87) . Only the stria terminalis provides direct projections from Me to the medial preoptic area, a region which controls the execution of copulatory behavior (Lehman and Winans, '83;  In addition to receiving combined chemosensory inputs, Me is the first nucleus along this pathway with a large population of neurons that actively concentrate gonadal steroids. Androgen-accumulating neurons have been observed primarily in the posterior part of this nucleus (Doherty and Sheridan, '81; Newman et al., '91) . Gonadal steroids, like chemosensory signals, are essential for normal reproductive behavior in hamsters and manipulations of gonadal hormone levels have profound effects on neuronal morphology in MeP. Castration in this species results in alterations of the dendritic branching pattern and a decrease in somal area of the neurons, while testosterone treatment prevents these structural changes (Gomez and Newman, '91b) . This morphological plasticity in the adult suggests that the connections of this circuitry are being modified by hormones in order to regulate copulatory behavior. In addition to morphological changes, the neurons of MeP display gonadal hormone-mediated changes in neuropeptide levels. Castration in adult rodents results in a decrease in the levels of several different neuropeptides within Me, all of which have been implicated in the control of male rodent mating behavior (Dornan and Malsbury, anterior amygdaloid area anterior commissure core of accumbens nucleus shell of aceumbens nucleus anterior cortical nucleus anteradorsal nucleus of the thalamus anterior hypothalamus amygdalohippocampal area anterolateral, bed nucleus of stria terminalis anterior limb of anterior commissure anteromedial, bed nucleus of stria terminalis accessory olfactory bulb-glomerular layer accessory olfactory bulb-granule cell layer accessory olfactory nulb-mitral cell layer anterior olfactory nucleus, medial anterior olfactory nucleus, ventral arcuate nucleus of the hypothalamus anteroventral, bed nucleus of stria terminalis basolateral amygdaloid nucleus, anterior basolateral amygdaloid nucleus, posterior basomedial nucleus of the amygdala bed nucleus stria terminalis, anterolateral bed nucleus stria terminalis, anteromedial bed nucleus stria terminalis, anteroventral posteraintermedial bed nucleus stria terminalis posterolateral bed nucleus stria terminalis posteromedial bed nucleus stria terminalis central amygdaloid nucleus central amygdaloid nucleus, lateral central amygdaloid nucleus, medial centromedial nucleus of the thalamus caudate-putamen cerebral peduncle dorsal medial hypothalamic nucleus endopiriform nucleus fornix fasiculus retroflexus fundus striati globus pallidus lateral habenula horizontal limb of the diagonal band of Broca third ventricle intercalated mass cell group lateral tuberal nucleus lateral hypothalamus lateral olfactoly tract lateral preoptic area son, '87) and vassopressin (DeVries et al., '85), and testosterone replacement restores the levels of all these substances.
In addition to differences between MeA and MeP in the olfactory and vomeronasal inputs, in the primary efferent pathways, in the density of steroid-uptake neurons and in hormonally dependent plasticity, selective lesions of these two areas produce changes in mating behavior of male hamsters that suggest separate functional roles. Bilateral electrolytic lesions of MeA, but not MeP, completely abolish mating behavior (Lehman et al., '80) . In contrast, lesions of MeP or sectioning of the stria terminalis disrupt only the temporal pattern of copulation (Lehman et al., '83) . Thus, the efferents of MeA in the ventral amygdalofugal pathway would appear to be the essential circuitry for mating behavior to occur. However, damaging the stria terminalis or the ventral amygdalofugal pathway alone did not eliminate mating behavior; damage to both of these fiber systems was necessary to abolish copulation (Lehman, '82) . Therefore, we hypothesized that chemosensory signals processed in MeA are relayed to MeP, as well as to the bed nucleus of the stria terminalis, and that these areas, both of which have androgen-concentrating neurons and send axonal projections to the medial preoptic area (Maragos et (Krettek and Price, '78a, b; Kevetter and Winans, %la) , projections from the specific cytoarchitectonic subdivisions of Me have not been separately analyzed. Further, the relay of information from the chemosensoryrecipient MeA to the hormonally sensitive MeP would require specific projections that have not been reported within this nucleus. In the present investigation, the neuronal projections of MeA and MeP are separately identified using the anterograde neuronal tract tracer, Phaseolus vulgaris-leucoagglutinin (PHA-L).
METHODS

Surgery and perfusion
Thirty-five adult male hamsters (2-3 months in age with body weights ranging between 110-120 g) were obtained from Charles River (Wilmington, MA), housed in groups, and maintained on a 14 hour light: 10 hour dark illumination cycle with food and water ad libitum. The weight of the animal in these experiments was critical for obtaining accurate placement of injection sites by using predetermined stereotaxic coordinates. These animals were anesthetized with sodium pentobarbital (10 mg/100 g body weight), positioned in a stereotaxic apparatus with bregma and lambda in the same horizontal plane, and injected iontophoretidy with 2.5% PHA-L (Vector Laboratories, Burlingame, CA) in 10 mM sodium phosphate-buffered saline (pH = 8) into Me. A vertical approach was used to reach this nucleus and was sufficiently lateral to avoid the exiting stria1 fibers caudally. Tracer was injected through a glass micropipette with internal diameter of 5-30 pm with 3-5 pA of positive alternating current (7 seconds on/off) for 15 minutes. Stereotaxic coordinates for MeA injections were 0.5 mm rostral, 2.6 mm lateral, and 7.9 mm ventral to bregma. Those for MeP injections were: 0.5 mm caudal, 2.7 mm lateral, and 8.0 mm ventral to bregma.
After 10 days, animals were reanesthetized and transcardially perfused with 150 ml of 0.9% sodium phosphatebuffered saline containing 0.1% sodium nitrite for vasodilation, followed by 250 ml of 4% paraformaldehyde. Brains were removed and postfixed overnight at 4°C in 4% paraformaldehyde containing 20% sucrose for cryoprotection.
Immunocytochemistry and analysis
Coronal sections (40 pm) were cut on a freezing microtome and collected in 0.02 M potassium phosphate-buffered saline (KF'BS) containing 0.01% sodium azide. Every fourth section was washed three times (5 minutes each) in KF' BS containing 2% normal rabbit serum with 0.3% Triton-X and incubated in the primary antibody, goat anti-PHA-L (Vector Labs, Burlingame, CAI, diluted to 1:1,000 in the same buffer for 48 hours at 4°C. Sections were again washed and incubated with a secondary antibody, biotinylated rabbit anti-goat IgG (Vector Labs, Burlingame, CA) at 1:lOO in the same buffer for 1 hour at room temperature. After subsequent washing in KPBS without normal rabbit serum and Triton-X, sections were incubated in the Elite Vectastain (Vector Labs, Burlingame, CA) avidin-biotin complex solution for 1 hour at room temperature. Sections were processed for 5-10 minutes in 0.0125% diaminobenzidine prepared in KPBS with 0.06% hydrogen peroxide. Nickel Figure 1 , whereas the injection site for PH-59 corresponds to the first schematic in this same figure. Scale bar = 500 pm.
fibers with apparent terminals were plotted onto camera lucida tracings of adjacent Nissl-stained sections.
RESULTS
Injection sites
Of the twenty-nine hamsters that had injection sites in Me, four had injection sites confined to MeA and seven were in MeP. The subdivisions of Me are similar to those in the rat (Paxinos, '85) and correspond to those previously described for the hamster (Gomez and Newman, '91a) . Examples of these specific injection sites are shown in Figure 1 . Seven additional animals had injections which included and surrounded MeA rostrally and dorsally but did not include MeP. These animals were used as controls to compare the projections with those of animals with confined MeA injection sites. Four animals had injections in MeP plus amygdalohippocampal area and/or posteromedial cortical nucleus, and these were used for comparison and to confirm the projections of MeP. Finally, seven animals had PHA-L deposited in both MeA and MeP. The injection sites ranged between 200-1,000 Fm in diameter. They included densely labeled neurons in the center of the injection site and diffuse staining in the surrounding neuropil (Fig. 2) . Labeled axonal fibers emerging from the cells were often observed.
Axonal projections
Efferents of Me followed either one of the two major pathways, the ventral amygdalofugal pathway, rostrally, or the stria terminalis, caudally. Neither one of these pathways contained projections from MeA or MeP exclusively. Although some labeled fibers were observed on the contralatera1 side of the injection site, the labeled fibers were (Kevetter and Winans, '81a; Maragos et al., '89) ; however the present study revealed that MeA and MeP had specific terminal areas within these territories, In addition, cells in MeA had projections not previously reported in the hamster. Target areas were identified by the presence of varicosities along the axons and axonal branches bearing apparent terminal boutons (Fig. 3A) . The density of fibers in a given target area varied and was not always related to the size of the injection site. Fibers that coursed in parallel, with little or no branching and few varicosities or terminal boutons were generally regarded as "fibers of passage" (Fig. 3B) . Table 1 summarizes the results of this study. The following sections describe, in detail, the projections of the anterior and the posterior parts of the medial amygdaloid nucleus. Also included are descriptions of the cytoarchitecture of several nuclei that receive terminals from MeA and MeP to enable comparison with the corresponding regions in the rat.
The distribution of labeled fibers and terminals was assessed in animals that had injection sites confined to MeA ( Fig. 1) and was compared to those with injection sites centered in MeA but that also included a few labeled neurons in adjacent areas. These latter injection sites are not shown. They included small numbers of neurons in either the anterior amygdaloid area, sublenticular substantia innominata, or the nucleus of the accessory olfactory tract. The target areas identified for MeA were common to all the brains with PHA-L deposited in this region.
The distribution of labeled fibers from animal PH-106 is shown in Figure 4 . The most rostral projections of these neurons were within the mitral cell layer of the accessory olfactory bulbs where many fibers and terminals were observed (Fig. 4A ). These projections were primarily ipsilateral. Sparse fibers with varicosities were also found within the granule cell layer of the accessory olfactory bulb. These fibers reach their target areas via the lateral olfactory tract. Fibers were also seen in the medial and ventral parts of the anterior olfactory nucleus (Fig. 4B) .
MeA axons project to a dense terminal field in the rostralmost extent of the intermediate part of the lateral septum, dorsomedial to the rostral nucleus accumbens, as well as to the medial part of the shell of nucleus accumbens (Fig. 4C,D) . Occasional fibers were found within the lateral part of the shell of nucleus accumbens ( Fig. 4D ) and, at this same level, in the medial part of the olfactory tubercle although many fibers in the superficial layer of the tubercle appeared to be fibers of passage that were travelling rostrally. Fibers were also located in the deep layers of the olfactory tubercle. A separate group of fibers located laterally were identified as belonging to the fundus striati (Fig.  5B ). These ventrostriatal inputs extended throughout its rostral to caudal extent ( Fig. 4C-H ). Fibers were sparsely distributed within the ventral pallidum between the striatal cell bridges (Figs. 4C-E, 5A). In addition fibers were observed deep to the primary olfactory cortex within the endopiriform nucleus throughout its rostral to caudal extent ( Fig. 4C-M) ; however, few varicosities were found on these fibers.
Within the diagonal band, some labeled fibers were found in the vertical limb and a greater number in the horizontal limb ( Fig. 4D-G ). Both fibers of passage and those with many boutons were noted, with the latter concentrated outside the nuclear area, along the ventromedial surface of the brain. Continuous with the vertical limb of the diagonal Anterior medial amygdaloid nucleus projections. band dorsally, occasional fibers and terminals were found in the medial septum. Fibers and terminals were also found in the ventral, intermediate, and, less extensively, in the dorsal parts of the lateral septum.
The anterior part of the bed nucleus of the stria terminalis, rostral to and at the level of the body of the anterior commissure, was a target for MeA terminals. Within this region, MeA fibers and terminals were distributed medially to the anteromedial region (Figs. 4F, 6A ), which lies dorsal to, and extends rostral to the anterior commissure. MeA fibers also terminated below the body of the anterior commissure, in the medial part of the anteroventral region. They did not terminate in any part of the lateral region of the anterior bed nucleus.
In Nissl-stained material, the anteromedial region is characterized by small to medium-sized cells that are moderately sparse in packing density compared to the adjacent anterolateral region of the bed nucleus and the more medially situated ventrolateral septum (Fig. 6A ). This anteromedial subdivision corresponds to the anteromedial region of the bed nucleus in the rat described by Moga et al. ('89) . The anteroventral region of the bed nucleus is heterogenous in cell types, cell packing density, and cell orientation as observed in Nissl-stained sections. This subcommissural region consists of several subnuclei. The medial part of this anteroventral region appears to be most similar in connections to the anteromedial region above the commissure and may actually be a ventral extension of this anteromedial part of the bed nucleus. This subnucleus corresponds to the ventromedial part of the medial bed nucleus described by Moga et al. ('89) .
Labeled fibers within the stria terminalis extending into the bed nucleus suggested that MeA efferents reach the anteromedial and the medial part of the anteroventral area via this fiber bundle. A small number of fibers crossed at the caudal border of the body of the anterior commissure to terminate in the contralateral bed nucleus (Fig. 71 , a finding that confirms previous studies in the rat and hamster (Heimer and Nauta, '69; De Olmos, '72; Kevetter and Winans, '81a) .
within the medial division of the posteromedial bed nucleus, immediately adjacent to the stria medullaris and A surprising finding was the Paucity Of Fig. 6 . The subdivisions of the bed nucleus of the stria terminalis are shown in these photomicrographs of Nissl-stained sections at three different rostral to caudal levels (A-C). Scale bar = 350 km. fornix (Fig. 4G) . Fibers appeared to surround this nucleus. In contrast, at this rostro-caudal level the intermediate portion of the posterior bed nucleus of the stria terminalis received a substantial input from MeA (Fig. 8) . This region of the bed nucleus of the stria terminalis (Fig. 6B ) corresponds cytoarchitecturally to the descriptions of the posterointermediate part of the medial division of the bed nucleus by Moga et al., ('89) , to the transverse and interfascicular nuclei of J u and Swanson, ('891, and to the lateral cell column of the posteromedial division plus the posterior part of the intermediate division of this nucleus of De Olmos et al., ('85) in the rat. In earlier studies of the hamster, this area has been designated as the lateral bed nucleus of the stria terminalis (Lehman and Winans, '83; Powers et al., '87; Maragos et al., '89) .
This pattern of fiber labeling in the posterointermediate division also extended caudally into the preoptic bed nucleus (Fig. 4H) , whereas the posteromedial division of the preoptic bed nucleus of the stria terminalis was free of fiber labeling after injections into MeA. Neither Moga et al. ('89) nor Ju and Swanson ('89) describe cytoarchitecturally an equivalent region in the rat. De Olmos et al. ('85) , however, discuss a medial and an intermediate extension of the posterior division into the preoptic bed nucleus in the rat, which appears to be similar to that observed in the hamster ( Fig. 60 . As in the rostral part of the bed nucleus, a few fibers and terminals were present in the corresponding areas contralaterally.
The distribution of labeled fibers in the preoptic region was similar to that observed in the bed nucleus of the stria terminalis in that from the mid-rostra1 to the caudal extent of the medial preoptic area, a greater concentration of fibers and terminals were present in the lateral than in the medial part of the medial preoptic area, and this fiber system extended into the lateral preoptic area proper (Figs. 4G, 4H, 9) . In contrast to this predominantly lateral distribution, within the rostral preoptic region, ventral to the body of the anterior commissure, the median and periventricular preoptic nuclei received MeA afferents and the lateral zone of the medial preoptic area received sparse fibers at this level. Along the ventromedial surface of the brain, numerous fibers, travelling rostrally and parallel to the pial surface, appeared to be projecting towards the midline. After MeA injections, the ventral amygdalofugal pathway and the stria terminalis were both distinctly labeled and both appeared to contribute some fibers that terminated in the bed nucleus and the preoptic area caudal to the anterior commissure, and others that continued through the preoptic region to reach caudal targets in the hypothalamus.
Throughout the medial and lateral hypothalamus, many fibers and terminals were present (Fig. 41-M) . The core of the ventromedial nucleus of the hypothalamus, which consists of several subnuclei, received substantial input from MeA (Fig. 10A) . Surrounding this core, the cell sparse shell of the ventromedial nucleus contained fibers of passage as well as a few terminals. In addition, the ventral premammillary and the lateral tuberal nuclei of the hypothalamus also contained the heavy labelling of terminal fields ( Fig. 4K-M) . Additional targets of MeA included the paraventricular, periventricular, arcuate, dorsal premammillary, and perifornical nuclei of the hypothalamus.
Within the thalamus, midline nuclei were recipients of MeA efferents (Fig. 4 G K ) . These included parataenial, paraventricular, reuniens, and an unidentified thalamic region ventral to nucleus reuniens. The mediodorsal nucleus and lateral habenula also received MeA input. In the centromedial and rhomboid nuclei vertically coursing fibers from the amygdala were primarily fibers of passage. Fibers reached all of these thalamic targets either by exiting the stria terminalis to enter the stria medullaris or by ascending from the caudally coursing fiber bundle within the medial hypothalamus. This fiber pathway within the medial hypothalamus has been described as part of the ventral amygdalofugal system (De Olmos, '72; Price et al., '87) .
In addition to the rostral telencephalic and diencephalic targets described above, several nuclei within the amygdaloid complex were consistently labeled (Fig. 4G-L) after PHA-L injection in MeA. Rostrally, both the ipsilateral nuclei of the accessory olfactory tract and lateral olfactory tract had labeled fibers within their cell and molecular layers (Fig. 4H,I ). Sparse fibers were distributed within the sublenticular substantia innominata and the anterior amygdaloid area (Fig. 4H) . Fiber labeling within the amygdala was found in the intra-amygdaloid portion of the bed nucleus of the stria terminalis, and in olfactory areas including the molecular and cell layers of the anterior cortical nucleus and sparse fibers in the posterolateral cortical nucleus. Fibers also were found in the posteromedial cortical nucleus and among the cells of the amygdalohippocampal area (Fig. 4L-M) .
Finally, MeP received heavy fiber labeling from MeA (Figs. 4K-L, 11) and although many terminals were noted in the medial molecular layer of MePD, some of these fibers were coursing through to enter the stria terminalis. Thus, MeA appears to provide substantial input to other vomero- Darkfield photomicrographs of the fiber distribution within the medial preoptic area. Fibers were concentrated within the lateral part of the medial preoptic area after injections in MeA (A; PH-1061, whereas fibers were concentrated within the medial preoptic nucleus nasal system targets within the amygdala via its input to MeP and the posteromedial cortical nucleus. Contralateral projections were sparse within dorsal MeA and intraamygdaloid bed nucleus of the stria terminalis. Lastly, moderate fiber labeling was observed in the basomedial nucleus and few terminals were found in the posterior part of the basolateral nucleus (Fig. 4M) .
In experiment PH-109, the injection site was primarily confined to the ventral part of MeA (MeAV). The labeling pattern was similar to PH-106 with the absence of fiber labeling in the thalamus, anterior olfactory nucleus, ventral diagonal band, and ventral pallidum. The projections of MeP from animal PH-59 are presented on Figure 12A -J. The projections in this animal were representative of the seven animals that had labeled cells confined to MeP (Fig. 11 , even though, in the caudalmost extent of this injection site, a few labeled neurons were identified in the amygdalohippocampal area. Rostrally, fibers were observed in the caudomedial aspect of nucleus accumbens, medial to the anterior limb of the anterior commissure, although these fibers may be associated with the rostralmost extent of the bed nucleus of the stria terminalis. A few fibers were observed in the ventral aspect of the lateral septum. The Posterior medial amygdaloid nucleus projections. horizontal limb of the diagonal band was also a target of MeP neurons (Fig. 12A) .
Fibers with terminal boutons were found throughout the anteromedial bed nucleus of the stria terminalis beginning rostra1 to the anterior commissure as shown in Figure 12A . Unbranched fibers without boutons were also found arching over the medial aspect of the anterior limb of the anterior commissure through to the medial bed nucleus of the stria terminalis. Many of these were presumably stria1 fibers also travelling to more caudal targets. At the level of the anterior commissure, abundant terminalis were observed in the anteromedial bed nucleus of the stria terminalis, immediately ventral to the lateral ventricle, and a moderate number were also found in the medial part of the anteroventral bed nucleus, ventral to the anterior commissure (Figs. 12B, 6A ). Occasional fibers and terminals were observed in the contralateral anteromedial bed nucleus of the stria terminalis at this rostro-caudal level. Fibers reached these contralateral targets by coursing through the stria terminalis and then either along the dorsal or ventral border of the body of the anterior commissure.
The heaviest plexus of branched axons and terminal boutons of all the MeP targets was found in the medial part of the posteromedial bed nucleus of the stria terminalis (Fig. 6C ) also received numerous afferents from MeP (Fig.  l2D) . In addition, unbranched fibers coursed ventromedially throughout the posteromedial bed nucleus of the stria terminalis ( Fig. lZA-D) , presumably on route to the preoptic extension of the bed nucleus of the stria terminalis, the medial preoptic nucleus, and more caudal targets.
Both the medial preoptic nucleus and the adjacent medial part of the medial preoptic area received heavy fiber and terminal labeling (Fig. 12B-D) . At the level of the anterior commissure, axonal varicosities and endings were primarily concentrated in the medial preoptic nucleus (Fig. 12B) . A few fibers were also observed in this same region contralaterally. At this level, fibers in the dorsal aspect of the medial preoptic area were predominantly strial fibers that appeared to be coursing caudal and ventral through this area. The area dorsal to the medial preoptic nucleus received greater input from MeP further caudally (Fig. 12C) , and the target areas of these inputs were distinctly more medial than those which received the efferents of MeA (Fig. 10) . At the level of the caudal medial preoptic area and medial preoptic nucleus, strial fibers travelling through the medial preoptic area and ventral amygdalofugal fibers heading towards the preoptic division of the bed nucleus of the stria terminalis are shown in Figure 12B -D.
Surrounding the third ventricle, numerous fibers and axonal endings were spread bilaterally from the rostra1 periventricular preoptic area (not designated on Fig. 12 ) through the periventricular nucleus of the hypothalamus (Fig. 12B-H) .
A major hypothalamic target area of the MeP was the shell of the ventromedial nucleus of the hypothalamus. Terminals were most numerous in the lateral part of the shell. A few fibers were also noted in these same areas contralaterally. In striking contrast to the terminal labelling observed after injections in MeA, the core of the ventromedial nucleus was devoid of any terminals from MeP (Figs. 10, 12G-H) . Ventral to the ventromedial hypothalamic nucleus, at the pial surface, fibers of passage were also observed.
The arcuate nucleus of the hypothalamus had a low to moderate density of fibers and terminals (Fig. 12G-I ). Fibers were primarily noted on the lateral aspect of the arcuate rostrally (Fig. 12G) , whereas the labeling was uniform throughout the nucleus further caudally (Fig.  12H,I ). Again, a few contralateral fibers were present.
The caudal part of the arcuate nucleus and the ventral premammillary nucleus were the caudalmost hypothalamic targets of the MeP (Fig. 121) . The ventral premammillary nucleus contained dense labeling of terminals ipsilaterally, whereas only a few terminals were found in contralateral ventral premammillary nucleus.
The remaining projections of MeP were identified within the amygdala and amygdalohippocampal area. Terminal projections from MeP to MeA were numerous (Figs. 12E,F,  11B ). In addition to this direct rostral projection, MeP projected caudally to the amygdalohippocampal area (Fig.  12H,I ). Fibers in the anterior amygdaloid area appeared to be directed towards the ventral amygdalofugal pathway, although few varicosities and terminals were present (Fig.  12E) . The anterior cortical, posteromedial cortical and intercalated mass also contained few fibers and terminals (Fig. 12F-I ).
DISCUSSION
The subdivisions of the medial nucleus of the amygdala (Me) display heterogeneity in cytoarchitecture, cell morphology, neurotransmitter content, and function (Lehman et al., '80; Neal et al., '89; Neal and Newman, '91a; Gomez and Newman, '91a) . Previous hodological studies of this nucleus have also suggested, but not confirmed, differences in the efferent targets of the subregions of Me (Leonard and Scott, '72; Krettek and Price, '78a, b; Kevetter and Winans, %la; Luiten et al., '83) . In the present study, novel and discrete projections of the anterior and posterior parts of Me have been identified. The results described for MePD confirm that projections from this area are limited to the vomeronasal circuitry, whereas the projections of MeA include both vomeronasal and olfactory circuitry. Analysis of the efferents of ventral Me in this study was limited to one case, in which the injection site was confined to MeAV and the projections were similar to, but not as extensive as, those described for MeAD. Although no cases had injections sites strictly confined to MePV, the trajectory of neurons from injections sites, which included both MePD and MePV compared to those from MePD alone, did not suggest separate target areas.
Unlike the techniques used in previous studies of this nucleus, in the PHA-L material analyzed here, terminal fibers were clearly distinguishable from fibers of passage and areas that did not contain an extensive terminal field were easily identified. Although anterograde transport of PHA-L may be solely attributable to distinctly filled cells at the injection site, a more conservative estimate of the injection site was made in this material to ensure that any identified targets were specific to the intended injection site. Thus, in this study, the areas that contained diffuse immunoreactivity surrounding the labeled neurons were also reported as part of the site.
Chemosensory, thalamic, and ventral striatopallidal connections of MeAD
In 1985, De Olmos et al. characterized the anterior amygdaloid area and the rostral tip of Me as nuclei belonging to the "olfactory amygdala," although Me has been associated in other studies primarily with the vomeronasal system (Scalia and Winans, '75; Kevetter and Winans, '81a; Lehman et al., '82) . The MeA is perhaps best characterized as a nodal Connections with the chemosensory sgstem. point for both olfactory and vomeronasal systems, since it receives direct input from both the main and accessory olfactory bulbs (Scalia and Winans, '75; Lehman et al., '82) . Although, nuclei in the olfactory and vomeronasal systems have been shown to reciprocate inputs back to the main and accessory olfactory bulbs, respectively. In the present study, MeAD was found to project to the accessory olfactory bulb but not to the main olfactory bulb in the hamster. Thus, it does not entirely fulfill De Olmos' criteria of "olfactory amygdala" (De Olmos et al., '78; Haberly and Price, '78) . Nonetheless, Me did give rise to connections to other olfactory-related areas, such as the medial and ventral parts of the anterior olfactory nucleus and the endopiriform nucleus. These projections of Me have not been identified previously. The endopiriform nucleus is an important relay of olfactory information to the diencephalon and ventral forebrain (Switzer et al., '85) and has projections to these targets similar to those described here for MeAD (Haberly and Price, '78; Switzer et al., '85) .
The course of these olfactory target projections from MeA appears to be primarily through the rostral extension of the ventral amygdalofugal system of De Olmos ('72). This pathway is present along the ventromedial surface of the brain where many PHA-L fibers were observed. In lesion and degeneration studies, De Olmos ('72) described the terminal fields of this ventral pathway in the same parts of the anterior olfactory nucleus and olfactory tubercle as those described here for the efferents of MeAD.
Since MeA receives vomeronasal and olfactory inputs from the accessory and main olfactory bulbs (Lehman and Winans, '82) , and because both of these regions relay back to the accessory olfactory bulb and to olfactory structures, MeA may be considered as an integration area for these systems, or the "chemosensory amygdala." Owing to the lack of direct olfactory afferents to MeP or efferent projections to olfactory-related structures, MeP is more appropriately associated strictly with the "vomeronasal amygdala" along with the posteromedial cortical nucleus.
Connections with the thalamus. Thalamic afferents from MeAD formed a continuum of terminals along the medial edge of the mediodorsal nucleus and within the midline thalamic nuclei: the paraventricular and parataenial nuclei, nucleus reuniens, and the lateral habenula of the epithalamus, similar to those previously described in the rat (Siege1 et al., '77). Most of these thalamic nuclei have been associated with the chemosensory system in the rodent (Ottersen and Ben h i , '79). The anterior cortical and posterolateral cortical nuclei of the amygdala, both of which are recipients of olfactory bulb inputs (Scalia and Winans, '75; Lehman et al., '82 ) receive inputs from various midline thalamic nuclei (De Olmos et al., '85) . These studies suggest that these thalamic connections may be involved in processing olfactory information within the chemosensory system. Therefore, in light of the findings of the present study, it is not surprising that MeAD is a source of inputs to these nuclei. Projections from MeP to the thalamus were not observed. Amygdaloid fibers reach their thalamic targets by two routes: 1) fibers within the stria terminalis exit and travel medially to enter the stria medullaris and thence to the thalamic nuclei, or 2) fibers course dorsomedially through the ventral amygdalofugal pathway to terminate in reuniens and pass through the centromedial and rhomboid nuclei to innervate the dorsal midline thalamic nuclei. Although, both of these routes have been suggested for C D Fig. 12. Schematic drawings (A-I) of the distribution of fibers throughout the forebrain after injections of PHA-L confined to MeP in animal PH-59. Short curved lines represent terminal fields whereas straight lines represent axons of passage. other amygdaloid trajectories, they have not been described for those from Me to the thalamus (De Olmos, '72).
EFFERENTS OF THE MEDIAL AMYGDALOID NUCLEUS
The MeAD also appears to be closely associated with the ventral striatopallidal system. Work from several laboratories has demonstrated that the ventral striatum and pallidum are associated with the amygdala (Heimer et al., '85; Price et al., '87; Alheid and Heimer, '88) . Amygdalostriatal projections to nucleus accumbens and the olfactory tubercle have been found to originate in the lateral, basolateral, and basomedial amygdaloid nuclei of the rat (Kelley et al., '82) . In the hamster, the basolateral nucleus also projects to nucleus accumbens and the basolateral, basomedial, anterior cortical, and posterolateral cortical nuclei to the olfactory tubercle (Newman and Winans, '80a, '80b; Kevetter and Winans, '81b; Zaborsky et al., '85) . The projections from MeAD into the ventral striatopallidal complex (specifically the ventral pallidum rostrally, the fundus striati, the shell of nucleus accumbens, and the medial olfactory tubercle) in the hamster are reported here for the first time. A retrograde tract-tracing study (Newman and Winans, '80a) , which injected HRP into nucleus accumbens of the hamster, did not reveal afferent input from Me seen in this report. The centers of the HRP injection sites in this HRP study, however, were confined to the core of nucleus accumbens and would therefore have failed to confirm the projection of MeA into the shell of nucleus accumbens. The medial and central amygdaloid nuclei, on the other hand, have been associated with regions of substantia innominata (Grove, '88a, b) and these connections have been designated as part of the "extended amygdala" (Alheid and Heimer, '881 , and it appears that the connections observed in this report from MeAD to the sublenticular substantia innominata may be connections from additional subregions of this "extended amygdala" to the ventral striatopallidal system. The outflow of chemosensory information to these areas may be important in integrating olfactory and vomeronasal motivated behaviors, such as copulatory behavior, with control of corresponding somatomotor responses.
Connections with ventral striatopallidal system.
Bed nucleus, preoptic, hypothalamic, and amygdaloid connections of MeAD and MePD
The projections of the medial amygdaloid nucleus to the bed nucleus of the stria terminalis, preoptic area, and hypothalamus have been well established (De Olmos et al., '72, '85 Simerly and Swanson, '86, '87, '88; Maragos et al., '89; '89) ; however the results of the present study suggest that the inputs of MeAD and MeAV to the bed nucleus, preoptic area, and the ventromedial nucleus of the hypothalamus are distinctly different from those of MePD. In contrast to these differences, MeAD, MeAV, and MePD had indistinguishable patterns of inputs to the paraventricular, periventricular, arcuate and ventral premammillary nuclei of the hypothalamus, and to the ventral part of the lateral septum.
Connections with the bed nucleus of the stria terminalis. In the hamster, MeAD, MeAV, and MePD all projected to the anteromedial division and the medial part of the anteroventral division of the bed nucleus, but at the caudal boundary of the anterior commissure, striking differences between the terminal targets of these amygdaloid nuclei were observed within the posterior bed nucleus. Both subdivisions of the MeA projected to the posterointermedial part of the bed nucleus (also suggested by Weller and Smith, '82), whereas MePD projected to the posteromedial part of the bed nucleus at this level. This differential innervation of the bed nucleus from MeA and MeP had also been suggested by Leonard and Scott ('71) . Krettek and Price ('78b) did not distinguish differences between the efferents of MeA and MeP. However, they did observe a medial versus intermediate topography for anterior and posterior amygdaloid projections to the posteromedial bed nucleus of the stria terminalis. These investigators identified projections from the posteromedial cortical amygdaloid nucleus (their posterior cortical nucleus) and amygdalohippocampal area that were similar to our MePD projections to the medial part of the posteromedd bed nucleus. In this study, inputs from Me to the posterointermedial bed nucleus (as defined here) were similar to MeA projections we observed in the hamster.
The medial nucleus has been reported to have reciprocal connections with the bed nucleus in the hamster by Damlama and Swann ('90) and in the rat by Swanson and Cowan ('76) ; however the data in the rat suggest that the posteromedial region of the bed nucleus projects predominantly to MeA, whereas the anterior bed nucleus innervates only MeP. If this pattern is also true in hamster, then the connections are not truly reciprocal. The functional importance of these connections is discussed firther below.
The pathways that provide Me inputs to the bed nucleus of the stria terminalis are primarily strial (De Olmos, '72; Kevetter and Winans, %la) , and many PHA-L-labeled fibers in this study were found within the medial part of the stria terminalis. In the hamster, the strial efferents of MeA were seen primarily in the ventral component of the medial stria terminalis. This is consistent with labeling after injections of tritiated amino acid into Me in the hamster (Kevetter and Winans, %la) and observations in the rat that lesions of the ventromedial component of the stria terminalis produced terminal degeneration within the posterolateral (our posterointermedial) bed nucleus, as well as other MeA targets in the hypothalamus (De Olmos, '72). The strial efferents of MeP to the bed nucleus, on the other hand, course primarily through the dorsomedial component of this pathway in the hamster (Maragos et al., '89) and the rat (De Olmos, '72) . Kevetter and Winans (%la) observed labeling in this part of the stria terminalis after injections into the posteromedial cortical nucleus, also part of the vomeronasal amygdala. In the present study, many labeled fibers were also observed in the ventral amygdalofugal pathway from MeA and MeP coursing dorsomedially towards the posterior and preoptic areas of the bed nucleus (Lehman and Winans, '83) .
Connections with the preoptic area Projections of Me to the medial preoptic area and anterior hypothalamus have been observed in numerous studies (Krettek and Price, '78; Kevetter and Winans, %la; Berk and Finkelstein, '81; Maragos et al., '89; Neal et al., '89; Neal and Newman, '91a ). In addition, many parts of the preoptic area and hypothalamus have reciprocal projections to Me (Kreiger et al., '79; Ottersen, '80; Swanson, '87; Conrad and PfafT, '75, '76) . These studies present evidence that the medial preoptic area, anterior hypothalamus, paraventricular, periventricular, ventromedial, dorsomedial, ventral premammillary, dorsal premammillary, and arcuate nuclei of the hypothalamus receive inputs from the different parts of the amygdala investigated here. Specifically, MePD has been EFFERENTS OF THE MEDIAL AMYGDALOID NUCLEUS 215 shown to be the primary source of these projections. This supports our observation of a preferential distribution of MePD fibers within the medial part of the medial preoptic area, in the medial preoptic nucleus, and in the anterior hypothalamic area. Although MeA provide afferents to the medial preoptic area (Krettek and Price, '78; Kevetter and Winans, '81a; Berk and Finkelstein, '82; Simerly and Swanson, '881 , this projection, in our material, was concentrated laterally within this region. Maragos et al. ('89) observed a majority of the neurons in MePD after the retrograde tracer HRP was deposited in the medial part of the medial preoptic area, but neurons were found rostral to MeP when this tracer was injected laterally within the perifornical area. Injections in MeA also produced fiber labeling in the lateral preoptic area, lateral hypothalamus, and lateral tuberal area and were consistent with similar connections previously described in the rat (Krettek and Price, '78a; Berk and Finkelstein, '82) .
Connections with the ventromedial nucleus of the hypothalamus. The dorsomedial and ventromedial nuclei of the hypothalamus have been implicated in many physiological responses, such as feeding and female sexual behavior (Swanson, '87; Pfaff, '80) . The connections from olfactory and vomeronasal systems with these areas is therefore not surprising. However, this investigation has clarified, at least in the hamster, separate connections from neurons in MeA to the core, and from MeP neurons to the shell of the ventromedial nucleus. These projections are bilateral. Several previous reports have also identified Me inputs to the core of this nucleus from MeA (DeOlmos, '72; McBride and Sutin, '77; Berk and Finkestein, '82; Luiten et al., '83) . In the rat, Krettek and Price ('78) observed projections from Me to the core. It is possible that the injection sites in their study were primarily in the rostral part of Me. Luiten et al.
('83) injected horseradish peroxidase into the ventromedial nucleus and identified differential projections from MeA to the dorsomedial part of this nucleus (or the hamster equivalent of the medial and perhaps central parts of the core), whereas MeP had projections to both core and shell. Canteras et al. ('89) , however, did observe MeP projections into the shell of the ventromedial nucleus in the rat.
Interestingly, the MeP connections to the shell of the ventromedial nucleus corresponds to an area that contains a large population of gonadal steroid-accumulating neurons in the hamster (Krieger et al., '76) . Thus the steroidconcentrating regions of this system appear to be interconnected as has been observed in other systems (Simerly and Swanson, '86; Canteras et al., '89). Through this circuitry integrated vomeronasal and hormonal information may control female sexual behavior (Pfaff, '80) .
Connections with other hgpothalamic areas. In contrast to these medial versus lateral projections to the bed nucleus and preoptic area, or the shell versus core projections to the ventromedial nucleus of the hypothalamus, several important limbic areas received comparable inputs from MeA and MeP. Examples are the ventral premammillary nucleus, arcuate, periventricular, and the area surrounding the paraventricular nuclei of the hypothalamus. The Me inputs to these hypothalamic nuclei are in agreement with previous studies (Kevetter and Winans, '81a; Krettek and Price, '78a; De Olmos et al., '85) . Several observations in the literature link the ventral part of the lateral septum with the olfactory and vomeronasal pathways Connections with the lateral septum. through the amygdala. In this study, the ventral lateral septum received inputs from MeA and MeP and thus may receive both olfactory and vomeronasal inputs. In the rat, these inputs from Me have been shown to contain vasopressin and to project, at least in part, through the ventral amygdalofugal pathway (Caffe et al., '87) . This part of the lateral septum also receives afferents from the amygdalalohippocampal area and the posteromedial cortical nucleus (Jirettek and Price, '78a), amygdaloid nuclei that belong to the vomeronasal circuitry. The ventral lateral septum, in turn, projects to the medial preoptic area and anterior hypothalamus (Swanson and Cowan, '76) . In addition, many neurons of the ventral lateral septum accumulate gonadal steroids (Krieger et al., '76; Doherty and Sheridan, '81) . Taken together, these observations suggest a possible role for the ventral lateral septum in male reproduction and related social behaviors. This notion is supported by Irwin et al. ('90 ) who have demonstrated specific changes in flank marking behavior in male hamsters following microinjections of arginine vasopressin into this region of the brain.
Efferents of MeA, but not MeP, were also found in the dorsal and more heavily in the intermediate parts of the lateral septum. This is an indirect route for MeA to innervate the diagonal band, lateral preoptic area, and lateral hypothalamus, since the dorsal and intermediate parts of the lateral septum are known to have projections into these territories (Swanson and Cowan, '76 
Implications for male reproductive behavior
MeA receives both olfactory and vomeronasal information from the olfactory bulbs and is critical to the control of normal copulatory behavior in the male hamster (Lehman et al., '80, '82) . MeP, in contrast, receives direct input only from the vomeronasal system (Lehman et al., '82) and appears to modulate the temporal pattern of copulatory behavior in the hamster (Lehman et al., '83) . In addition, this posterior region contains a dense population of androgen accumulating neurons (Doherty and Sheridan, '81; Simerly et al., '90; unpublished observations) , which are structurally and neurochemically responsive to changes in circulating gonadal steroids (Malsbury et al., '87; Simerly and Swanson, '87; Swann and Newman, '87; Gomez and Newman, '91b) . We have hypothesized that three signals, vomeronasal, olfactory, and hormonal, are integrated along the chemosensory pathway in order for copulatory behavior to occur. Both regions of Me each receive two of the three necessary inputs; MeA receives both vomeronasal and olfactory inputs, whereas MeP receives vomeronasal and hormonal inputs. The results of the present study suggest two possible routes by which all three signals can be integrated. First, a direct projection from MeA to MeP has been demonstrated. Thus, it would appear that all three signals may be integrated in MeP and relayed from there to the posteromedial bed nucleus of the stria terminalis and the medial preoptic area, both of which are important for the display of normal copulatory behavior in the hamster. However, as noted above, the results of lesion studies suggest that MeP regulates, but is not critical to, the control of male reproductive behavior in this species (Lehman et al., '82, '83). A second route by which olfactory, vomeronasal, and hormonal signals are integrated might therefore be from MeA directly to the hormone-uptake regions of the bed nucleus and preoptic area. The results of this report, however, does not demonstrate such projections, but rather shows that MeA projects primarily to the posterointermediate part of the bed nucleus, the lateral part of the medial preoptic area, and to the hypothalamus, territories that contain fewer steroid-accumulating neurons and that have not been implicated in controlling male hamster sexual behavior. It is possible that intranuclear projections from the intermediate to the medial parts of the bed nucleus and preoptic areas exist similar to the intranuclear projections within Me. A projection from the lateral preoptic area to the medial preoptic area has been observed in the hamster (Neal and Newman, '91b) . This would provide the chemosensory inputs to the gonadal steroiduptake areas that control mating behavior.
These connections are consistent with the functional studies of these areas. Lesions along the border between the medial and intermediate parts of the posterior bed nucleus produced deficits in chemoinvestigatory behavior that normally precedes copulatory behavior (Powers et al., '87) . Damage to the region lateral to the medial preoptic nucleus eliminated copulatory behavior (Powers et al., '87) . These areas may disrupt the interconnections of the chemosensory circuit from MeA and the gonadal steroid circuit from MeP and remove the integration of these signals that are necessary to drive these reproductive behaviors.
A n alternate hypothesis proposes that all three signals are in fact integrated in MeA. To support this notion, it is important to consider some of the afferents of MeA in light of this circuitry. Since studies in the rat have demonstrated inputs to MeA from the steroid uptake areas of the posteromedial bed nucleus (Swanson and Cowan, '761 , the medial preoptic area (personal communication, J. Morrell), and MeP (present results), it is therefore possible that MeA itself is critical for normal copulatory behavior, not only because lesions of this area eliminate mating behavior but because it receives the third required component for this behavior, gonadal steroids, from other steroid-sensitive areas. Therefore, gonadal steroid feedback from any one of these hormone-accumulating regions may be integrated with the essential chemosensory information received within MeA.
In summary, the differential projections of MeA and MeP suggest that the integration of the "chemosensory amygdala" with the vomeronasal circuitry and steroidsensitive regions of the brain may form the underlying substrate for male reproductive behavior in the hamster. Furthermore, the trajectories of the chemosensory areas with other areas outside the vomeronasal circuitry may be essential for coordinating olfactory and pheromonally guided social behaviors with the corresponding motor responses for normal reproductive behavior.
